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4) METHOD FOR DRYING CERAMIC COMPACT 

7)Abstract: 

ROBLEM TO BE SOLVED: To provide a method for drying a ceramic compact by which the ceramic compact 
n be dried wholly uniformly and rapidly while preventing the degradation of a binder at the drying step of the 
ramie compact, and preventing the deformation such as the warp caused by the heterogeneous evaporation of 
iter in the ceramic compact at the drying step. 

DLUTION: This method for drying the pillar-shaped ceramic compact consisting of a mixed composition 
■mprising a ceramic powder, a binder and a dispersion medium, and having many through-holes arranged in 
irallel in the longitudinal direction and separated by partitions, is characterized by a microwave-drying step for 
ying the ceramic compact with a microwave, and a hot air-drying step for drying the compact dried by the 
crowave, by a hot air. 
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Tiis document has been translated by computer. So the translation may not reflect the original precisely. 
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AIMS 



aim(s)] 

aim 1] The desiccation approach of the ceramic Plastic solid which is the desiccation approach of a ceramic column- 
3 Plastic solid of having consisted of a mixed constituent of ceramic powder, a binder, and dispersion-medium liquid, 
I many through tubes having separated the septum, and having been installed in the longitudinal direction side by 
e, and is characterized by consisting of a microwave desiccation process which dries said ceramic Plastic solid by 
zrowave, and a hot-air-drying process which dries further the Plastic solid which dried by said microwave by hot 

St. 

aim 2] The desiccation approach of the ceramic Plastic solid according to claim 1 dried while surrounding a ceramic 
tstic solid in the state of adhesion from the upper and lower sides and applying a pressure to said ceramic Plastic solid 
ng the fixture for desiccation which consists of an upper fixture equipped with the pressure impression means, and a 
torn fixture in a hot-air-drying process. 

[aim 3] The pressure to impress is the desiccation approach of the ceramic Plastic solid according to claim 2 which is 
-0.6MPa. 
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•TAILED DESCRIPTION 



etailed Description of the Invention] 
>01] 

eld of the Invention] This invention relates to the desiccation approach of a ceramic column-like Plastic solid that 
my through tubes were installed in the longitudinal direction side by side, including ceramic powder, a binder, etc. 
)02] 

escription of the Prior Art] It poses a problem that the particulate contained in the exhaust gas discharged by internal 
inbustion engines, such as cars, such as a bus and a truck, and a construction equipment, does damage to an 
vironment or the body recently. By passing a porosity ceramic for this exhaust gas, the ceramic filter which carries 
t uptake of the particulate in exhaust gas, and purifies exhaust gas is proposed variously. 

)03] Two or more porosity ceramic members 30 as shown in drawing 6 band together, and the ceramic filter usually 
nstitutes the ceramic filter 40. Moreover, as this porosity ceramic member 30 is shown in drawings? , many through 
>es 31 are installed in a longitudinal direction side by side, and the septum 33 which separates through tube 31 
mrades functions as a filter. 

)04] Namely, the through tube 3 1 formed in the porosity ceramic member 30 As shown in drawing 7 (b), the exhaust 
s with which either the entry side of exhaust gas or the edge of an outlet side flowed into ********** and the through 
>e 31 of 1 with the filler 32 In case it flows out of other through tubes 31 and exhaust gas passes this septum 33 after 
ssing the septum 33 which surely separates a through tube 31, a particulate is caught in septum 33 part and exhaust 
s is purified. 

)05] When manufacturing such a porosity ceramic member 30 conventionally, after mixing ceramic powder, a binder, 
d dispersion-medium liquid and preparing the mixed constituent for Plastic solid manufacture first, the ceramic 
istic solid was produced by performing extrusion molding of this mixed constituent etc. 

)06] And next, the acquired ceramic Plastic solid is put into a dryer, heating by irradiating microwave at this ceramic 
istic solid is performed, it disperses, the dispersion-medium liquid in a ceramic Plastic solid etc. is evaporated, it has 
:ed reinforcement, and the desiccation object 200 of the ceramic Plastic solid shown in drawing. 8 (a) which can be 
alt with easily was manufactured. The porosity ceramic member 30 is manufactured through a cleaning process and a 
king process after this desiccation process. 

307] However, in the desiccation approach of such a conventional ceramic Plastic solid, it was not easy to dry a 
ramie Plastic solid completely. That is, when dispersion-medium liquid (moisture) was removed to some extent by 
adiating microwave, it came to be absorbed by ceramic powder, such as silicon carbide, therefore the temperature of 
5 ceramic powder inside a Plastic solid rose rapidly, before moisture was removed completely, binder decomposition 
gan to be carried out, and microwave had the problem that this became easy to generate a crack etc. 
308] Moreover, there is the desiccation approach by hot blast as an approach currently most generally performed from 
5 former. However, in a desiccation process, if it is going to dry a ceramic Plastic solid quickly only by hot blast, as it 
easy to generate the big difference to a moisture content, therefore is shown in drawing 8 (b) and (c), big curvature 
11 occur in a Plastic solid, or a crack will occur in a near part and the near interior of a Plastic solid on the surface of a 
astic solid. 

309] Moreover, since it was necessary to perform prolonged desiccation extremely so that such curvature or a crack 
ly not occur in order to dry a ceramic Plastic solid completely if you are going to make it dry slowly, it was not able 
dry efficiently. 
010] 

roblem(s) to be Solved by the Invention] This invention was made in order to solve these problems, it prevents 
sassembly of the binder in the desiccation process of a ceramic Plastic solid, and does not generate deformation of the 
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•vature by uneven evaporation of the moisture within the ceramic Plastic solid in a desiccation process etc., and aims 
offering the desiccation approach of a ceramic Plastic solid that the whole can be dried uniformly and quickly. 
)11] 

eans for Solving the Problem] This invention is the desiccation approach of the ceramic column-like Plastic solid 
ich it consisted of a mixed constituent of ceramic powder, a binder, and dispersion-medium liquid, and many through 
»es separated the septum, and was installed in the longitudinal direction side by side, and is the desiccation approach 
the ceramic Plastic solid characterized by to consist of a microwave desiccation process which dries the above- 
aitioned ceramic Plastic solid by microwave, and a hot-air-drying process which dries further the Plastic solid which 
ed by the above-mentioned microwave by hot blast. 
)12] 

nbodiment of the Invention] Hereafter, the gestalt of implementation of the desiccation approach of the ceramic 
istic solid of this invention is explained, referring to a drawing. The desiccation approach of the ceramic Plastic solid 
this invention is the desiccation approach of the ceramic column-like Plastic solid which it consisted of a mixed 
istituent of ceramic powder, a binder, and dispersion-medium liquid, and many through tubes separated the septum, 
i was installed in the longitudinal direction side by side, and is characterized by to consist of a microwave desiccation 
>cess which dries the above-mentioned ceramic Plastic solid by microwave, and a hot-air-drying process which dries 
ther the Plastic solid which dried by the above-mentioned microwave by hot blast. 

)13] The ceramic Plastic solid set as the object of desiccation by this invention consists of a mixed constituent of 
amic powder, a binder, and dispersion-medium liquid. 

)14] It is not limited especially as the above-mentioned ceramic powder, for example, the powder of oxide system 
ramies, such as the powder; alumina of non-oxide system ceramics, such as silicon carbide, silicon nitride, 
imimium nitride, boron nitride, titanium nitride, and titanium carbide, cordierite, a mullite, a silica, a zirconia, and a 
inia, etc. can be mentioned. 

)15] Although especially the particle size of these ceramic powder is not limited, either, what combined the powder 
0 weight section which has the mean particle diameter which what has few contraction is desirable, for example, is 
out 0.3-50 micrometers, and the powder 5-65 weight sections which have the mean particle diameter of about 0.1- 
) micrometers in the next baking process is desirable. 

)16] It is not limited especially as the above-mentioned binder, for example, methyl cellulose, a carboxymethyl 
llulose, hydroxyethyl cellulose, a polyethylene glycol, phenol resin, an epoxy resin, etc. can be mentioned. The 
idings of the above-mentioned binder usually have desirable 1-10 weight section extent to the ceramic powder 100 
right section. 

)17] It is not limited especially as the above-mentioned dispersion-medium liquid, for example, alcohol [, such as an 
>anic solvent; methanol, ], such as benzene, water, etc. can be mentioned. Optimum dose combination of the above- 
jntioned dispersion-medium liquid is carried out so that the viscosity of a mixed constituent may become fixed within 
5 limits. After being mixed by attritor etc., these ceramic powder, a binder, dispersion-medium liquid, etc. are fully 
eaded by a kneader etc., and are fabricated by the predetermined configuration by an extrusion-molding method etc. 
)18] The desiccation approach of the ceramic Plastic solid of this invention is characterized by consisting of a 
crowave desiccation process which dries a ceramic Plastic solid by microwave, and a hot-air-drying process which 
es further the Plastic solid dried by the above-mentioned microwave by hot blast. 

)19] Drawing 1 is the sectional view having shown typically an example of the microwave dryer used at a microwave 
siccation process. 

)20] In this invention, as shown in drawing 1 , ceramic Plastic solid 12 produced at the above-mentioned process is 
st carried in to the Plastic solid path 15 in the microwave dryer 10 equipped with the microwave generator 1 1 and the 
rrer 14 for microwave stirring. 

321] Within this microwave dryer 10, by stirring the microwave to irradiate with the stirrer 14 for microwave stirring, 
crowave is irradiated at homogeneity at ceramic Plastic solid 12, and it dries by heating dispersion-medium liquid etc. 



322] In order to depend on target configuration of ceramic Plastic solid 12 and magnitude of a through tube for 
nditions, such as power of microwave at the time of drying, it cannot generally ******, but for example, the 
ignitude of ceramic Plastic solid 12 is 33mmx33mmx300mm, and when the number of through tubes 21 is [ cm / 31 
ckness /of 2 and a septum 22 ] 0.35mm, the power of microwave has desirable about 0.5-4kW. In addition, even if the 
nfiguration and magnitude of ceramic Plastic solid 12 differ from each other, it does not separate from the conditions 
desiccation greatly from the above-mentioned conditions. 

023] At this time, using the fixture for desiccation which consists of a bottom fixture 17 made from the glass epoxy 
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istituted so that ceramic Plastic solid 12 as shown in drawing ! could be surrounded in the state of adhesion from the 
Der and lower sides, and an upper fixture 16, on the bottom [ this ] fixture 17, ceramic Plastic solid 12 may be laid, 
er the side face has inclined, the upper fixture 1 6 may be laid from on that, and both may be stuck to a ceramic Plastic 
id. 

)24] Moreover, although illustration is not carried out, the elastic member which can absorb moisture may be infixed 
ween ceramic Plastic solid 12, the upper fixture 16, or the bottom fixture 17. By infixing such an elastic member, the 
dsture which evaporated is absorbed by this elastic member and the drying efficiency of ceramic Plastic solid 12 will 
x>me good. As the above-mentioned elastic member, the product made from plastics or the porosity elastic member 
de of rubber is desirable, and silicon sponge is more desirable. 

)25] By using such a fixture for desiccation, evaporation of the moisture from the side face (front face) of ceramic 
istic solid 12 can be controlled now, and deformation, a eel piece (a crack should occur to the septum which separates 
irough tube), etc. of the curvature resulting from the ununiformity of the moisture content of the front face of ceramic 
istic solid 12 and the interior etc. can be prevented. 

)26] Desiccation by the above-mentioned microwave can evaporate and remove to about 65**15% of the moisture in 
'hole ] a ceramic Plastic solid. If it is going to evaporate and microwave tends to remove much more moisture from 
j above-mentioned moisture content, since microwave will come to be absorbed by ceramic powder, the temperature 
the ceramic powder within a ceramic Plastic solid will rise rapidly and cleaning will start, it is not desirable. 
)27] Drawing 3 is the sectional view having shown typically an example of the direct drying equipment used at a hot- 
-drying process. As shown in drawing 3 after the above-mentioned microwave desiccation process, a ceramic Plastic 
id is carried in to the direct drying equipment 20 equipped with the hot blast generator 22 and the blower 21, and 
siccation by hot blast is performed. Under the present circumstances, in order to, evaporate the moisture of ceramic 
istic solid 12 in homogeneity if possible, As shown in drawing 3 , the hot blast generated with the hot blast generator 
with a blower 21 The hot blast generator 22 and a blower 21 are arranged so that side attachment walls 24a and 24b 
iy be passed at an early rate. And ceramic Plastic solid 12 is put in order in the direction (namely, sense from which 
\ direction of a through tube 13 becomes the direction of hot blast, and parallel) in which this hot blast passes through 
; inside of a through tube 13 smoothly, and it is dried. 

)28] Moreover, as shown in dra wing 3 , it can dry to homogeneity for every fixed time amount by sending hot blast 
by turns from right and left. The temperature of the hot blast 23 at this time has desirable 50-120 degrees C, and the 
nd speed of hot blast 23 has a desirable second in 5-40m /. 

)29] At less than 50 degrees C, the rate of drying of ceramic Plastic solid 12 cannot become slow, and temperature of 
t blast 23 cannot dry efficiently, but on the other hand, if the temperature of hot blast 23 exceeds 120 degrees C, since 
amic Plastic solid 12 will dry rapidly, it dries to an ununiformity and becomes easy to produce a crack etc. Moreover, 
ate of drying becomes it slow that the wind speed of hot blast 23 is less than 5m/second, desiccation nonuniformity 
:urs in ceramic Plastic solid 12, if the rate of hot blast 23 exceeds a second in 40m /on the other hand, surface 
siccation will progress too much, and since the wind speed is too quick, it becomes easy to move and is not desirable 
eramic Plastic solid 12 ]. 

)30] Moreover, it is desirable to dry ceramic Plastic solid 12, surrounding ceramic Plastic solid 12 in the state of 
tiesion from the upper and lower sides, and applying a predetermined pressure to ceramic Plastic solid 12 using the 
ture for desiccation which consists of an upper fixture equipped with the pressure impression means, and a bottom 
ture in the above-mentioned hot-air-drying process by the desiccation approach of the ceramic Plastic solid of this 
'ention. 

)31] In all the processes of hot air drying, since it is difficult to make completely the moisture content of the ceramic 
istic solid 12 interior into homogeneity, it may originate in the ununiformity of this moisture etc. and curvature etc. 
iy occur in ceramic Plastic solid 12. For this reason, in this invention, it prevents that curvature etc. generates the side 
;e of ceramic Plastic solid 12 by impressing a fixed pressure to the whole perimeter. 

)32] Drawing 4 is the perspective view having shown an example of the above-mentioned fixture for desiccation 
rically. This fixture 50 for hot air drying turns into the upper fixture 51 from the almost same configuration as the 
ture for desiccation equipped with the upper fixture 16 which the pressure impression means was established and also 
s explained at the above-mentioned microwave desiccation process, and the bottom fixture 17, and can mention the 
ne thing also for that quality of the material to it as shown in drawing ^ . 

)33] Although not limited especially as the above-mentioned pressure impression means, the spring member 53 for 
jss which has a spring 54 can be mentioned to the interior as shown in drawing 5 , for example. 
)34] Drawing 5 is the perspective view having shown the spring member 53 for press typically. This spring member 
for press mainly consists of a spring 54, a holddown member 55, and a press member 56. It is not limited especially 
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the quality of the material of a holddown member 55 and the press member 56, for example, ceramic ingredients, 
:h as metallic materials, such as SUS, and alumimium nitride, etc. can be mentioned, and resin etc. can be used if 
iforcement is enough. 

>35] The through tube is formed so that the both ends may be crooked to the up side and a holddown member 55 can 
ert a bearing bar 57 in a part for the flection which counters. Moreover, a screw hole is formed, and as shown in 
,wing_4 , a screw stop is carried out to the plate 510 of the upper fixture 51, and it is fixed to this holddown member 

>36] The press member 56 is formed in the shape of [ of ** ] a typeface, and consists of a side plate 59 of two sheets 
ich contacted inside the flection of a holddown member 55, the background 560 which supports the side plate 59 of 
se two sheets, and is fixed, and a press rod 58 attached in the lower part of a side plate 59. Moreover, a through tube 
brmed in a side plate 59, and the bearing bar 57 is inserted in this through tube. 

)37] On the other hand, a bearing bar 57 is inserted in that interior, and the spring 54 is supported to revolve by this 
iring bar 57. And the both ends of a spring 54 were extended straightly, the background 560 of the press member 56 
s contacted, and the central part of a spring 54 was also pulled out, it was formed in the inverted-U character mold 
verse V character mold), and this part is in contact with the bottom plate of a holddown member 55. The press 
mber 56 which constitutes the spring member 53 for press is energized in the direction of an arrow head by 
istituting the spring member 53 for press in this way. In addition, it is not limited especially as an ingredient of a 
ing 54, but what has predetermined repulsive force can be used, choosing it suitably. 

)38] Therefore, if fitting of the upper fixture 51 equipped with the spring member 53 for press of these plurality and 
; bottom fixture 52 is carried out as shown in drawing 4 , a predetermined pressure will be impressed to the whole 
e face of the ceramic Plastic solid which the press rod 58 attached in the end section of the press member 56 pressed 
: plate 520 of the bottom fixture 52, consequently was laid in the interior with these top fixture 51 and the bottom 
ture 52. 

)39] As for the pressure impressed to this ceramic Plastic solid, it is desirable that it is 0.4-0.6MPa. When it is less 
n 0.4 MPas, in a hot-air-drying process, curvature and a eel piece may be generated in a ceramic Plastic solid. On the 
ler hand, when 0.6MPa is exceeded, the eel of a ceramic Plastic solid may deform or breakage may arise. 
)40] In addition, such a fixture 50 for hot air drying of structure is used about the ceramic Plastic solid which passed 
ough the microwave desiccation process and which has a certain amount of reinforcement. It is because the fixture 50 
hot air drying dries, applying a pressure, so the just fabricated ceramic Plastic solid is insufficient for reinforcement 
i deformation of a eel and breakage occur easily. 

)41] The above-mentioned hook can be used and twisted around the perimeter of the fixture for desiccation of a 
ifiguration as showed the string-like elastic body with which the hook was attached in both ends to drawing 2 , for 
unple as an approach of impressing a pressure to a ceramic Plastic solid, without using spring 54 grade (the upper 
ture 16 and bottom fixture 17), this fixture for desiccation can be bound tight, and the approach of impressing a 
issure etc. can be mentioned. 

)42] Moreover, for example, the electromagnet is embedded into the plate part of two sheets which constitutes the 
per fixture 16 and the bottom fixture 17, and a pressure may be impressed by setting up so that up-and-down 
ctromagnets may pull and suit. 

)43] A pressure can be impressed to a ceramic Plastic solid by removing the hook, or setting both the fixtures for hot 
drying that consist of such a configuration in the desiccation process by microwave, without impressing an electrical 
tential difference, hooking a hook or impressing an electrical potential difference in the following hot-air-drying 
>cess. Therefore, the desiccation process by microwave and the desiccation process by hot blast can be performed 
ng the same fixture for desiccation, and productive efficiency improves. 

)44] In addition, the dryer used by the desiccation approach of the ceramic Plastic solid of this invention The 
vomechanism having a microcomputer is incorporated. Usually, not to mention a setup of microwave power, the 
{iperature of hot blast, the wind speed of hot blast, etc. If a ceramic Plastic solid is carried in to a microwave dryer or 
irect drying equipment, for example, a ceramic Plastic solid is automatically detected by an infrared sensor etc., 
crowave is generated, and the stirrer for microwave stirring is driven, and it is constituted so that a hot blast 
lerator, a blower, etc. may be operated. 

)45] According to the desiccation approach of the ceramic Plastic solid of this invention, by combining desiccation by 
crowave, and desiccation by hot blast Since microwave can perform early desiccation quickly and efficiently, and it 
es to some extent, and it dries by hot blast after heating by microwave became less effective It can dry to 
mogeneity, without making a desiccation object generate curvature etc. more quickly compared with the conventional 
;e. 
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>46] Moreover, generating of the curvature of a ceramic Plastic solid, a eel piece, etc. can be prevented nearly 
npletely by using the fixture for desiccation equipped with the pressure impression means in the case of desiccation 
hot blast. 
>47] 

cample] Although an example is hung up over below and this invention is explained to it in more detail, this invention 
lot limited only to these examples. 

)48] The mixed constituent of a raw material was prepared by blending the alpha mold silicon carbide powder 70 
ight section with example 1 mean particle diameter of 10 micrometers, the beta mold silicon carbide powder 30 
ight section with a mean particle diameter of 0.7 micrometers, the methyl cellulose 5 weight section, the dispersant 4 
ight section, and the water 20 weight section, and mixing to homogeneity. 

)49] The extruding press machine was filled up with this mixed constituent, and honeycomb Plastic solid 12 of a 
ifiguration as shown in drawing 2 by part for extrusion rate/of 2cm was produced. That magnitude was 
mmx30mmx300mm, and the number of through tubes 21 was [ cm / 3 1 thickness /of 2 and a septum 22 of this 
neycomb Plastic solid 12 ] 0.35mm. 

)50] Next, as shown in drawing 2 , after laying ceramic Plastic solid 20 in the bottom fixture 17, the upper fixture 16 
5 carried on ceramic Plastic solid 12, after having carried in to the microwave dryer 10 shown in drawing 1 in this 
idition, setting the power of microwave as 3kW and drying ceramic Plastic solid 12 for 1 minute, when the moisture 
itent of this ceramic Plastic solid 12 was measured, 65% of the first moisture content evaporated, and it was removed. 

)51] Next, when ceramic Plastic solid 12 (microwave desiccation object) which the desiccation by microwave ended 
s carried in to the direct drying equipment shown in drawing 3 and it dried to it on the conditions of the temperature 
100 degrees C of hot blast, and 35m/second of wind speeds of hot blast, in 1 1 minutes, moisture was able to be 
iporated in it nearly completely and it was able to be dried. Thus, the desiccation process of a ceramic Plastic solid 
5 able to be ended by 12 minutes and very short time amount by combining desiccation by microwave, and 
>iccation by hot blast. 

)52] After drying ceramic Plastic solid 12 with microwave like example 2 example 1, this microwave desiccation 
ject was laid in the bottom fixture 52 of the fixture 50 for hot air drying shown in drawing 4 , the upper fixture 51 was 
Tied on the microwave desiccation object, and it fixed by pressure 0.5MPa using the spring member 53 for press. And 
ten it carried in to the direct drying equipment shown in drawi ng 3 in this condition and dried on the conditions of the 
nperature of 100 degrees C of hot blast, and 35m/second of wind speeds of hot blast, moisture could be evaporated 
arly completely in 1 1 minutes, and it could be made to dry, and curvature, a eel piece, etc. were not generated at all on 
5 desiccation object of ceramic Plastic solid 12. 

)53] After producing ceramic Plastic solid 12 like example of comparison 1 example 1, ceramic Plastic solid 12 was 
ed for about 6 minutes using the microwave dryer 10 shown in dra wing 1 . Consequently, after passing over 4 
nutes, where moisture is included about 20%, tihe binder in ceramic Plastic solid 12 was able to begin to decompose, 
; crack was able to occur by this, and a ceramic Plastic solid was not able to be dried completely. 
)54] After producing ceramic Plastic solid 12 like example of comparison 2 example 1 , when the ceramic Plastic solid 
is dried using the direct drying equipment 20 shown in drawing 3 on the conditions of the temperature of 100 degrees 
3f hot blast, and 35m/second of wind speeds of hot blast, without performing desiccation by microwave, moisture was 
le to be evaporated at last nearly completely and it was able to be made to dry by performing desiccation for 1 hour. 
)55] 

ffect of the Invention] Since the desiccation approach of the ceramic Plastic solid of this invention is as above- 
jntioned, it can prevent disassembly of the binder in the desiccation process of a ceramic Plastic solid, cannot make 
; ceramic Plastic solid in a desiccation process able to generate deformation of curvature etc., but can dry the whole 
iformly and quickly. 
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(54) METHOD FOR DRYING CERAMIC COMPACT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for drying a ceramic compact by which the 
ceramic compact can be dried wholly uniformly and rapidly while preventing the degradation of a 
binder at the drying step of the ceramic compact, and preventing the deformation such as the 
warp caused by the heterogeneous evaporation of water in the ceramic compact at the drying 
step. 

SOLUTION: This method for drying the pillar-shaped ceramic compact consisting of a mixed 
composition comprising ceramic powder, a binder and a dispersion medium, and having many 
through-holes arranged in parallel in the longitudinal direction and separated by partitions, is 
characterized by a microwave-drying step for drying the ceramic compact with a microwave, 
and a hot air-drying step for drying the compact dried by the microwave, by a hot air. 
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